1["Cimannose phosphoryl dolichol and [14Clmannose-labeled oligosaccharide pyrophosphoryl dolichol were isolated from incubation mixtures by solubilibation in 2% (w/v) Triton X-100 and the lipids were separated from small molecules by gel filtration fractionation. After removal of radioactive protein from the preparation, the two lipid derivatives were separated quantitatively by fractionation on a concanavalin A-Sepharose column; [ Man-P-Dol as substrate. The radioactive material was purified by paper electrophoresis, gel filtration chromatography, and finally by DEAE-cellulose chromatography. The final product appeared homogeneous by paper chromatographic and electrophoretic criteria. Two aliquots A and B were treated as follows: A was successively reduced with sodium [3H]borohydride, acid hydrolyzed, and analyzed by paper chromatography; and B was successively acid hydrolyzed, reduced with sodium [3H]borohydride, and analyzed by paper chromatography. Acid hydrolysis was conducted in 3 N HCl at 100°for 3 hr; reduction was carried out in 1000-fold excess of sodium P3H]borohydride for 60 min at pH 9; paper chromatography was conducted with Whatman 3 MM paper in ethyl acetate-acetic acid-formic acid-water 18: 3: 1: 4. Chromatograms were cut in 1-cm strips and each was suspended in scintillation fluid for determination of radioactivity. Alk. P'ase, alkaline phosphatase. 3H cpm in A have been multiplied by 10-3, as indicated. and paper electrophoresis indicated that: (a) it is composed of a single radioactive compound; (b) when subjected to electrophoresis the compound migrates as an anion and is converted to a neutral compound by treatment with alkaline phosphatase; (c) the dephosphorylated, neutral compound exhibits a molecular weight of 1350, as determined by gel filtration analysis (7); and (d) acid hydrolysis (3 N HCl, 3 hr, 1000) quantitatively liberates all of the radioactivity as free mannose.
On the basis of further structural analysis, as shown in Fig.  1 , we have concluded that the water-soluble, radioactive compound is a ["C ]mannose-containing oligosaccharide phosphate. No detectable radioactivity is incorporated into the oligosaccharide phosphate when it is treated directly with sodium ['H borohydride, indicating that the phosphate residue occupies the potential reducing terminus of the oligosaccharide. After removal of the phosphate group with alkaline phosphatase, subsequent treatment of the neutral oligosaccharide with sodium ['HIborohydride followed by acid hydrolysis -and paper chromatogrAphic analysis indicated that only glucosaminitol'contains 'H, whereas all of the 14C is' present in free mannose. Conversely, 'after alkaline phos-' phatase treatment, acid -hydrolysis of the oligosaccharide prior to reduction with sodium ['HIborohydride and paper chromatographic separation revealed the presence of 3H-labeled glucosaminitol, and mannitol labeled with both '4C and 'H. We have concluded that this compound is an oligosaccharide phosphate containing mannose and N-acetylglucosamine with a' potential terminal reducing N-acetylglucosamine residue substituted with a phosphomonoester residue. From the relative 'H content of glucosaminitol (3058 cpm) and mannitol (7560 cpm), the molar proportions of glucosamine and mannose in the oligosaccharide were estimated to be five mannose residues per two glucosamine residues per reducing terminus. On the basis of the relative specific activity of Triton X-100, and centrifuged at 105,000 X g for 1 hr. The supernatant fluid was applied to a Sephadex G-75 column and eluted with a solution of 0.05 M ammonium bicarbonate. The radioactive material voided from the column was pooled and applied to a column (1 X 10 cm) of concanavalin A-Sepharose, which was then eluted with a solution containing 0.05 M ammonium bicarbonate, 1% Triton X-100, and 0.5 M sodium chloride; when the effluent was devoid of radioactivity, the eluting solution was adjusted to 10% (w/v) a-methylmannoside (arrow) and elution was continued until all of the radioactivity was released from the column. active constituents, one of which corresponded to ['4C]Man-P-Dol. The two radioactive constituents were separated quantitatively by fractionation of the mixture on a concanavalin A-Sepharose column in 1% Triton X-100 as shown in Fig. 2 . The voided material from the Sephadex G-75 column was applied to a concanavalin A-Sepharose column and the column was washed with buffer containing 1% Triton X-100, resulting in elution of a portion of the radioactivity at the breakthrough volume in a broad, diffuse peak; addition of amethylmannoside to the same eluting buffer eluted the remainder of the radioactivity as a single peak. Further analysis of these two radioactive fractions by thin-layer chromatography (see solvents below) indicated that the material not adsorbed to the affinity column is pure ['4C]Man-P-Dol, and that the material that bound to the gel and that was eluted with a-methylmannoside is a glucosamine-and ['4Cjmannose-containing oligosaccharide-lipid derivative.
The two mannose-containing lipids are readily distinguished when fractionated on DEAE-cellulose as shown in Fig. 3 . Man-P-Dol is eluted from DEAE-oellulose in the chloroform-methanol-water solvent while the oligosaccharide-lipid appears to be more acidic in that elution requires 20 mM ammonium formate. In addition, several thin-layer chromatographic systems distinguish the two mannolipids from each other. (Fig. 2) , dissolved in chloroform-methanol-water 1: 1:0.3, and applied to a column (1 X 10 cm) of DEAE-cellulose, equilibrated in the same solvent. Each of the columns was eluted as shown in Fig.; 2-ml fractions were collected and aliquots were removed from each for determination of radioactivity.
was isolated and shown to be identical in all respects to the oligosaccharide phosphate described in Fig. 1 . These results, in additioxi to the observations that the oligosaccharide-lipid is more acidic than Man-P-Dol, suggest that the oligosaccharide is linked to the lipid moiety by a pyrophosphate bond (see Fig. 6 ). While the lipid moiety of the oligosaccharide derivative has not yet been fully characterized, its properties are consistent with the assumption that the lipid is dolichol, as described by Behrens et al. (8) . We concluded, therefore that the appearance of the ['4C]mannose-labeled oligosaccharide phosphate in the aqueous-soluble fraction of incubation mixtures is a result of degradation (enzymatic?) of ['4C]mannose-labeled oligosaccharide-P-P-Dol, which had been synthesized enzymatically during the incubation period.
Role of Man-P-Dol and Oligosaccharide-P-P-Dol in the Glycosylation of Protein. Substrate quantities of ['4C]mannoselabeled Man-P-Dol and oligosaccharide-P-P-Dol were prepared in order to determine the metabolic relationship of these two lipid derivatives and their roles in the enzymatic sequence resulting ultimately in the glycosylation of protein. As shown in Fig. 4 , incubation of myeloma microsomal preparations with pure ['4C]Man-P-Dol results in the disappearance of radioactive mannose from the substrate with the concomitant, stoichiometric appearance of [4C ]mannose in oligosaccharide-P-P-Dol; only small amounts of radioactivity appear in either the aqueous phase or in the protein fraction. Thus, there appears to be a rapid transfer of mannose from the monomannosyl lipid to the oligosaccharide lipid. Proc P-Dol appears to be the primary donor of radioactivity in the glycosylation of protein. Again, the radioactivity that appears in the water-soluble fraction of the incubation mixture under these conditions was isolated and characterized as [14C]mannose-labeled oligosaccharide phosphate as described previously. Because of the rapidity with which the oligosaccharide lipid is degraded, it seems likely that enzymatic hydrolysis of the-compound may be occurring during the incubation.
The nature of the glycoprotein product formed in these experiments has not yet been fully characterized. The radioactive protein isolated from incubation mixtures containing myeloma microsomal preparations and ['4C]mannose-labeled oligosaccharide-P-P-Dol as substrate exhibited the following properties: (a) it is insoluble, particulate bound, and is solubilized with 1% sodium dodecyl sulfate or 2% Triton X-100; (b) gel filtration of solubilized protein indicates that most of the labeled protein has a molecular weight in the range of 20,000-50,000; (c) after proteolytic digestion (2) , essentially all of the radioactivity is recovered as low molecular weight species that exhibit electrophoretic properties of glycopeptides; and (d) approximately 10-20% of the radioactive protein is immunoprecipitable with specific anti-kappa 46B antibody.
DISCUSSION
The observation that radioactivity from a ('IC Imannoselabeled oligosaccharide-P-P-Dol is transferred to protein when incubated with mouse myeloma microsomes strongly suggests that this oligosaccharide lipid may play a key role in the biosynthesis of the core region of the carbohydrate oligosaccharide residues of glycoproteins. Thus, it is assumed that the entire "pre-assembled" oligosaccharide is transferred intact to protein, since the only activated glycosidic bond in oligosaccharide-P-P-Dol is the N-acetylglucosaminyl bond, linking the oligosaccharide to dolichol through a pyrophosphate bridge. Further support of this contention may be gained from the observations that several glycoproteins possess carbohydrate sidechain core region structures which, in general features, are identical to the oligosaccharide described in these studies. Hickman, et al. (9) , studying y-M-immunoglobulin, and Arima and Spiro (10), studying thyroglobulin, concluded that a common carbohydrate sidechain core structure of both of these glycoproteins consists of an oligosaccharide containing five mannose residues and two N-acetylglucosamine residues with one of the N-acetylglucosamine residues serving as the site of attachment of the oligosaccharide to an asparagine residue of the protein through an N-glycosidic linkage. If 
